The nutrient management is not homogeneous within countries or regions. Hence the split up in high and low steering level of the greenhouse and high and low knowledge level suits better to evaluate the management of the different growers. The difference in nutrient management of the low and high level is noticed by a lower security systems and a higher fertiliser cost in the low levels. Up to 30-40% more (of the variable cost) versus only 3% in the high steering level. The low steering level can improve quickly with a small investment in safety tools. Once the production is stable over the years, the other investments become possible. The most important risk around the fertiliser unit is the unstability of the pH. The bicarbonate buffer is the best guarantee to avoid the pH problems. More in general the sensors in the greenhouses are another risk; they are not present, are not maintained or are not accurate enough. Over 'sensoring' is as risky for the management of the crop as having no sensors. The limits of normal accuracy are given in the table. Nutrient management of the crop became more achievable since the Water Content Meter helps to steer the EC separately from the substrate water content. The perspective of the management is the steering of the crop based on measurable plant behaviour. The plant behaviour is visualised in a graph with the balance between vegetative and generative (X axis) and the power of the plant (Y axis). This allows us to manage better the input in order to reduce the risks and improve the cost price/kg.
The Nutrient Management in the Different Horticultural Regions
The nutrient management is based on the substrate, the water, the plant balance and the climate with the goal to produce at the lowest cost per kilogram product.
Evaluating the different nutrient management approaches in the world outside NorthWest Europe I cannot say that countries have a homogeneous development pattern. I propose to evaluate the growers by two factors a) the possibility to steer (climate, instruments, greenhouse) and b) the knowledge to understand the processes (education, experience, group support, consultancy). The growers are then categorised over high/low steering and high/low knowledge.
It is clear from this overview that on nutrient management the differences are noticeable in the EC and pH steering of the fertiliser unit. The lower steering level, the less accurate the fertiliser will be applied. The grower does compensate this by irrigating much more than needed. The result is often a poor root system with a fluctuating harvest quantity and quality.
The second difference between high and low level is a low security system for irrigation and fertilisation: nearly no fertiliser analysis of the substrate, no start system to overcome sudden water needs of the crop, no alarms on the fertiliser unit, poor control of the substrate, climate and plant parameters.
In conclusion, the lower the steering and knowledge level the less security systems are available.
With the 'cost/kg' approach it is possible to compare the different regions, growers or management options. In order to visualise the differences between the segments a simplified economical balance is presented in table 2 of three different levels being high steering/high knowledge (HS/HK) the Netherlands; low steering/high knowledge (LS/HK): Spain modern greenhouses in Almeria; low steering/low knowledge (LS/LK): Spain traditional greenhouses in Almeria.
It is noticed that the importance of the fertiliser cost becomes very important in the LS level. In this example it fluctuates between 30 and 40% of the variable cost. In the HS level the fertiliser cost is only 3% of the variable cost. Do remark that the difference in labour cost is less important than the fertilisation cost for the different levels.
The data underline clearly the (nutrition) management problem in the lower levels: less control, less security resulting in a relative high cost for fertilisation. The way to get out is to investment in a higher steering level.
Besides the economical aspects, the stress on nature in the low steering regions is considerable. It has been studied through LCA studies (Nienhuis, 1994; Aarts, 1999; Aarts, 2000) that soilless cropping with drain recycling is less polluting than soil crops. The factor recuperation of the drain is the most crucial parameter to keep the stress on nature low. In the low steering regions the water quality is often poor, the steering capacity is inaccurate and the lower knowledge level results in the fact that fertirrigation is a bottleneck for closed growing systems. Further research combined with extension efforts is required on how to crop in a sustainable way on saline water.
Conclusion about the differences on nutrient management worldwide depends more on the steering and knowledge level of the different growers than on countries or regions. The low steering and knowledge level is less controlling and has also less security tools, resulting in a too expensive and unstable production. The low steering and knowledge level urges invest first in security tools to guarantee year after year a good crop. From there onwards, further investment will be possible.
Risk Management in the Fertirrigation Unit
Fertilisation is closely linked with irrigation. The mixing unit is a crucial tool for the grower. We see in the different regions different types of irrigation units. I present a scheme for the requirements of a fertiliser unit, stressing on the risk factors.
Water
Waters are difficult to be mixed due to their different density. The only way to mix water homogeneously is to store it in different tanks and to mix it just before entering the fertiliser unit. The steering can be by volume (flow meter) or by EC (electric 3-way valve coupled to an EC sensor). Hence never put different waters in one tank, even not a day tank, the fertiliser unit will not work properly.
Algae
Algae are difficult to remove from the system, hence avoid them preventively. Keep the water basin covered so that no light can penetrate. Addition of copper, peroxides is not a solution for optimal cropping. Quaternary ammonium is phytotoxic. The other solution is filtration, an expensive system, if not in investment than in maintenance. Be aware that PVC tubes let penetrate also some light and oxygen hence algae can proliferate in the irrigation system behind the fertilise unit.
Mixing the Fertilisers
The horticultural grade is the only one possible for soilless cropping. The agricultural grade can be used in clay, loamy or deep sandy soils. Once the amount of sacs are double checked, the stock solution can be best prepared in a special mixing tank and the liquid is then transferred to the stock tank. This allows good control on precipitation and allows easier manipulation of the bags. The stock solutions should be covered and the chelates protected from the light.
Fertiliser Unit
The fertiliser units can be categorised in three systems: 1. The Suction Unit. The best-known systems are the Dosatron system and the venturi systems. This system is only applicable in soil when large volumes per irrigation can be given. EC regulation is possible but the control is poor. The pH regulation is nearly not possible. 2. The Direct Injection Unit. The fertilisers are injected in the pipe towards the greenhouse. This system was used quite often in Holland but this did stop when some growers faced important crop problems due to pH regulation (see bicarbonate buffer). The insurance companies in the Netherlands did refuse to insure further the direct injection fertiliser units. 3. The Mixing Tank Unit. The mixing tank fertiliser unit does inject the fertilisers in a mixing tank of 1 to 5 m³. The size of the mixing tank is in relation with the size of the irrigation sector. In the mixing tank the fertilisers are thoroughly mixed and produced CO 2 can escape freely. This system is the best for soilless cropping.
Alarm
A good fertiliser unit should have an alarm system to inform the grower about abnormalities. The fluctuations should be within the values + or -0.3 for the EC values and +or -0.5 for the pH.
Very often I see the alarms disconnected, this could indicate that the filters are blocked, or that the injection pumps are not in balance with the system pump, or that the injection of the acids is not in balance. The last item can be corrected by putting some acid in the A or B tank and to concentrate less the acid tank.
Bicarbonate Buffer
The optimal bicarbonate level in the nutrient solution is between 0.5 and 1 mmol/l (31 -62 mg/l). The excess of bicarbonate has to be neutralised with acids. Depending on the level of bicarbonate the following combinations are possible.
The chemical reaction between bicarbonate and acid produces CO 2 . This gas has to be eliminated before it enters the closed irrigation system. When the bicarbonate buffer is too small and the irrigation pipes become warm it happens often that the chemical reaction continuos and that the nutrient solution drops till pH 3.
The Measurements and the Limits
When evaluating data from different greenhouses or regions it is obvious that greenhouse management is an illusion when the sensors have a too important divergence.
Out of practise we have worldwide problems with the presence and the accuracy of the equipment. Growers invest often not enough in reliable sensor hence putting a limit to the production potential. Also on the development side we still have to present the growers easy and affordable tool to measure: 'plant activity' and 'root activity'.
To compare measurements there are three points of importance: Where to measure, The range of the sensor The accuracy of the sensor.
The accuracy is described for the range in which the instrument operates. The 'error' is often express as a percentage of the measurement. In table 4 the acceptable 'error' is given in the same value as the measurement. The accuracy is a value + or -around the measured value (Bakker, 1995; Borreman, 1999; Lamers, 1999; Neefjes, 2000; Nunnink, 1993; Black, 1965; Voogt, 2003) .
Comparing the data from greenhouses it is often noticed that the measurements are done but the cleaning and calibration is missing. Maintenance of the instruments or tools is a forgotten task in modern horticulture.
The biggest mistakes are seen with the pH. The pH can be out of range in the fertiliser stock solution. The pH sensor of the fertiliser unit is out of range with precipitation or pH problems in the root environment. The hand meter is often out of range. The advice is to keep the hand meter in the office, to calibrate daily. Hence the samples has to be taken from the greenhouse in a tray to the office for measurement. The safest but not the most accurate tool to measure the pH is the Merck strip. They indicate the value by a colour scale. The accuracy 226 is not high (~0.5 units) but more reliable when you have to travel around.
The Perspectives of Nutrient Management
The perspectives in the above mentioned regions do follow the global movements but herewith some specific remarks.
Asia is progressing now quickly in the intensive cropping methods and is very quality oriented. Not only the quality of the vegetables but also the way to produce: meticulous steering. I foresee in the near future a progress in (small) steering tools helping the grower to follow the crop plan.
North America is following the Dutch example but due to the important size of the greenhouses the nutrient management is not the first priority. Further progress will be made when drain recycling is a must.
North Europe is the specialist in intensive cropping with high input of energy (temperature, light) but resulting in high productions of very good quality. Their fertiliser units are much more flexible than the standard ones in Holland. More crops on a small surface are the reason.
General tendencies are: to steer the plant: more fertiliser analysis allowing bigger fertiliser adaptations, to use fewer pesticides: more use of organic root stimulants and leaf nutrition based on amino acids, to be more sustainable: more drain reutilisation All resulting in a more accurate steering and mainly steering on the plant behaviour in stead of the recipe crop model.
Steering on the Plant Behaviour
Whereas the nutrition management was a mixture of irrigation and fertilisation, both can now be separated. Since that Grodan developed about 10 years ago the Water Content Meter, it gave the possibility to steer water and EC independently. In the graph 1 the rooting phase is described where the water content should drop slowly independently from the EC (P. Stradiot, 2001 ). 
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